Abstract: This study was designed to validate or refute the reliability of total lymphocyte count (TLC) and other hematological parameters as a substitute for CD4 cell counts. Participants consisted of two groups, including 416 antiretroviral naive (G1) and 328 antiretroviral experienced (G2) patients. CD4
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The CD4
+ lymphocytes are a primary target of the human immunodeficiency virus (HIV). Reduction in the absolute number of CD4 T cells occurs as one of the earliest immunologic abnormalities of HIV infection and is the most important prognostic indicator for risk of developing opportunistic infections. 1 It is essential for assessing immune status in HIV-infected persons as the pathogenesis of acquired immunodeficiency syndrome (AIDS) is largely attributed to a decrease in absolute CD4 cell counts. In addition, it predicts host susceptibility to specific opportunistic infections, selected drug toxicities, and mortality. 2, 3 The absolute CD4
+ T cell count in HIV-infected adults compliment clinical history and physical examination to inform decisions about initiating antiretroviral therapy (ART).
However, few HIV treatment centers in subSaharan Africa have access to reliable CD4 T cell enumeration. Indeed, local resources for health care are already overstretched by HIV/AIDS and overlapping high-impact endemic diseases such as malaria, tuberculosis, and infant diarrheal illnesses. 4 Against this background, the World Health Organization (WHO) recommended the use of total lymphocyte count of less than 1.0-1.2 × 10 3 /µL in individuals with stage II or III disease as an indication to initiate antiretroviral therapy in the absence of knowing the CD4 count. 5 This recommendation was exclusively derived from studies conducted in developed countries. [6] [7] [8] There is limited information regarding the relationship between CD4 cell counts and total lymphocyte count and other hematological indices in resource-limited settings. Studies from Southwestern Nigeria by Akanmu et al 9 and Akinola et al 10 indicated that total lymphocyte count is not a reliable surrogate for CD4 cell count in monitoring response to antiretroviral therapy.
Information on hematological and immunological profile of HIV/AIDS patients in Northeastern Nigeria is limited despite their socioeconomic and demographic characteristics. Therefore, this study was designed to validate or refute the reliability of total lymphocyte count as a substitute for CD4 cell count and determine its relationship with other hematological indices, including CD4 cell count.
patients and Methods
This cross-sectional analytical study included HIV clients accessing care in the HIV clinic at the University of Maiduguri Teaching Hospital, a tertiary health institution designated as a center of excellence in for infectious diseases and immunology. Maiduguri, the capital of Borno State, is located in Northeastern Nigeria and is the largest settlement near Lake Chad. Permission for this study was obtained from the University of Maiduguri Teaching Hospital (UMTH) Ethical Committee.
Study procedure
Participants consecutively recruited for this study consisted of both antiretroviral-naïve group (G1) and antiretroviral-experienced; the second group consisted of those who had been on HAART for at least 6 months group (G2). All participants gave their informed consent to participate in the study. Blood samples from the participants were collected by venipuncture after scrubbing the area with sterile cotton soaked in methylated spirit from the antecubital vein into 10 mL of EDTA and fluoride and placed in vacutainer tubes bottles.
Blood samples analysis

Sample for CD4
+ T cell count was collected between 9:00-10:00 am and assayed within 6 hours of collection of whole blood using a standardized flow cytometric Cyflow machine (Cytec, Partec, Germany). Hemoglobin (Hb), white blood count (WBC), lymphocyte count and percentage, neutrophil count and percentage, and platelets numbers, were analyzed using a Haematology analyzer (manufactured by Sysmex ® , CorporationKobe, Japan).
Statistical analysis
Data was analyzed in SPSS 11.5. The correlation coefficient established correlation and Kappa coefficient showed agreement between CD4 count and these parameters. Sensitivity, specificity and positive and negative predictive values for using direction on TLC hemoglobin (Hb), white blood count (WBC), lymphocyte count and percentage, neutrophil count and percentage, and platelets numbers, changes as a marker for direction of CD4 changes were calculated. P , 0.05 was considered to be statistically significant for all tests.
Results
Of the 824 participants recruited into this study, 744 had complete records that were analyzed, including 416 HAART-naïve patients with mean ages of 35.44 ± 11.30 years (19-57) and 328 HAARTexperienced patients with mean ages of 38.39 ± 10.01 years . The sex distribution was 60.5% female and 39.5% male in the HAART-naïve group and 57.7% and 42.3%, respectively, among HAARTexperienced subjects. The mean and other descriptive parameters of TLC and other hematological parameters are as presented in Table 1 . Among HAART-naïve subjects, a moderately strong positive correlation was observed between TLC and CD4 count, WBC, and lymphocyte %, with a similar correlation observed in HAART-experienced subjects. A weak positive corre lation was observed between TLC and Hb in both groups, while no correlation between TLC and neutrophil count. A weak and strong negative correlation was observed between TLC and neutrophil % among HAART-naïve and-experienced, respectively. The correlation between TLC, CD4 count, and other hematological parameters is depicted in Table 2 .
Sensitivity, specificity, PPV, and NPV for TLC cutoff values , 1.2 × 10 count , 1.5, neutrophil % , 50 for both groups are listed in Table 3 . Among the HAART-naïve cohort, a TLC of #1.2 × 10 3 /µL was found to be sensitive (88.4%) and specific (67.4%) for predicting a CD4 count of , 200 cells/µL with PPV with a concurrent decrease in CD4 count and TLC of (53.5%), and NPV for concurrent increase in CD4 count and TLC of (93.2%). The corresponding sensitivity and specificity among HAART-experienced participants was 83.3% and 85.3%, respectively, with PPV for concurrent decrease in CD4 count and TLC of 23.8% and NPV for concurrent increase in CD4 count and TLC of 98.9%. As shown in Table 4 , when a TLC of #1.2 × 10 3 /µL, hemoglobin level (with a cutoff point of , 10 g/dL) and platelets ,150 × 10 3 /L were used as predictors in the HAART-naïve cohort, this sensitivity was increased to 96.0% (specificity, 82.7%; PPV, 80%; NPV, 96.7%). However, this trend was not observed in the HAARTexperienced cohort.
The kappa coefficient for agreement between TLC and CD4 count, Hb, WBC, platelets, lymphocyte percentage, and neutrophil count and percentage are shown in Table 5 . Among HAART-naïve subjects, significant agreement was observed between TLC and CD4 count, including other hematological variables, except neutrophil count and percentage. Although significant agreement was observed between TLC and CD4 count, WBC, and lymphocyte %, with no linear relationship observed between TLC and other analyzed parameters among the cohort on HAART. 
Discussion
Absolute CD4 count and CD4% measurement constitute the main criteria for monitoring disease progression and timing for prophylaxis against Pneumocystis jiroveci pneumonia or infection with other opportunistic pathogens. However, monitoring individuals with HIV infection/AIDS using CD4 count and CD4% parameters in dangerous and resource-limited settings is not realistic. As a result, the WHO recommends the use of less expensive TLC as an alternative marker when CD4 count is not available or affordable. 5 We previously reported TLC as a suitable surrogate for CD4 count in healthy HIV-negative adults in our environment. 18 Several studies have suggested TLC as a substitute for CD4 count in HIV/AIDS patients. 6, 7, 11, 12 In contrast to studies reporting TLC as suitable predictor of CD4 counts, we found that TLC alone is not a good predictor of CD4 count, which is similar to the results of Akinola 10 and Van Der Ryster et al. 11 In sub-Saharan Africa, a high incidence of opportunistic infections such as tuberculosis among HIV patients is associated with decline in CD4 count and exaggerated TLC. Another factor that can blunt the correlation between TLC and CD4 T cell count is that TLC captures both B and T cell subsets. Thus, a person with a low CD4 T cell count may show relatively high TLC if high amounts of B cells are expressed due to immune hyperactivation from exposure to the wide variety of circulating antigens consequent on varieties opportunistic infections in HIV patients with severe immunosuppression. 4 Our previous study indicated that most HIV patients in our setting present late with a varieties of opportunistic infections. 19 We observed good correlation between TLC and CD4 count using the Spearman's rank test (r = 0.632) in HAART-experienced and r = 0.494 in HAARTnaïve cohorts, similar to the value of 0.431 reported by Akinola. 10 The correlation in our study between TLC and CD4 count was weaker than that observed in India, 12 (r = 0.744), England (r = 0.76), 6 North America (r = 0.744), 7 and South Africa (r = 0.70).
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We reported a sensitivity of 88.4%, specificity of 67.4%, PPV of 53.5%, and NPV of 93.2% among HAART-naïve participants. The corresponding values in HAART-experienced subjects were 83.3%, 85.3%, 23.8%, and 98.9%, respectively. We observed that despite high sensitivity, the PPV that shows a direct relationship between CD4 count and TLC in both HAART-naïve and experienced participants was low, indicating that TLC alone is not a suitable surrogate for CD4 count. In this study, we observed that 46.5% of patients had TLC . 1.2 × 10 3 /µL, despite that the CD4 count was , 200 cells/µL, higher than the 38% reported by Akinola.
10 However, when we incorporated hemoglobin , 10 g/dL and platelets ,150 × 10 3 /L, the sensitivity, specificity, PPV, and NPV increased to 96.0%, 82.7%, 80.0%, and 96.7% among HAART-naïve participants.
Several previous reports have used multiple parameters (including hemoglobin levels, body mass index, platelet count, and clinical symptoms) to predict CD4 cell count and disease stage.
13-16
Hemoglobin level is an inexpensive marker that has been shown to correlate with progression to AIDS and to decline around the time of the development of AIDS. 12 Spacek et al 17 retrospectively evaluated 3269 patients to test the ability of TLC to predict CD4 cell. They found that the TLC alone (,1200 cells/mm 3 ) had a relatively low sensitivity (71%) and specificity (82%) for predicting a CD4 count of , 200 cells/mm 3 . However, when both the TLC and the hemoglobin level (with a cutoff point of , 12 g/dL) were used as predictors, this sensitivity was increased to 78% for men (specificity, 80%; PPV, 84%; NPV, 72%) and to 86% for women (specificity, 73%; PPV, 75%; NPV, 84%) (as calculated by an average of 2 algorithmic methods used in the study). Similarly Chen et al 16 evaluated 1189 HIV patients, also using multivariate model with similar parameters (TLC, hemoglobin level, platelet count, and sex) for predicting CD4 cell counts of , 200 cells/ mm 3 . They reported 91% sensitivity, 73% specificity, and 88% PPV for predicting a CD4 cell count of , 200 cells/mm 3 . Clinical symptoms and body mass index were not considered in this study; however, unlike most previous studies that evaluated only TLC as a substitute for CD count, we considered multiple parameters. 
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supplementary Data Peculiarity of Northeastern Nigeria
The observations highlighted below make the Northeastern region of Nigeria unique or peculiar, as no other region shares any of the outlined characteristics with it.
Nigeria is divided into 6 geopolitical regions; the Northeastern region has 6 states. It is the leastdeveloped of all regions, with very low literacy rate, and most of the population live in poverty and have resentment to western education and health care.
Study location and population
Maiduguri is the capital city of Borno state, located on the fringe of the Sahara desert between longitude 11°8E and 14°4E and latitudes 10°2N 13°4N.
The city has an estimated population of 0.63 mil lion distributed as 0.34 million (54%) male and 0.29 million (46%) female.
Climate
The region has a semi-arid climate with savannah and prominent patterns of weather-the rainy season is between July and September with average annual rainfall below 1000 mm and environmental temperatures between 20°C and 26°C.
The dry season starts from October and ends in July. Within the dry season, however, two weather patterns exist. The period between October and February is characterized by the Harmmattan, which is a cold, dusty wind that blows in from the Sahara. During this period, environmental temperatures range between 20°C and 32°C. The period from March to June is dry, with environmental temperature ranging between 40°C and 43°C. However, temperatures may reach up to 50°C. Humidity is very low, while the evaporation rate is very high and averages about 2000 mm/year.
environmental problems
The serious environmental problems of Maiduguri include desert encroachment, water shortage, human settlement, and soil erosion.
Nutrition
Presently, there is need for nutritional surveys which will focus on increasing urbanization and other changes in lifestyle, human diets, and methods of food preparation. Cereals account for a major part of the diet. There is a high preference for flours made from local grains, with millet being the most preferred. In a study carried out by Salami et al (1990) on students at the University of Maiduguri, although most of the meals were comparatively high in the nutrients analyzed, the level of protein and total energy content of meals were rather inadequate.
